The present research was aimed at the foliar biofortification of chard plants with iron and selenium and at determining the influence of this treatment on the accumulation of these elements, as well as proteins and nitrate, in the aerial portion (shoot) of chard. A 3 2 factorial experiment was conducted for the above purpose, and the study factors were the foliar applications of Fe (0, 2500 and 5000 mg L ). The foliar applications were performed every 15 days for a total of four spray applications. The variables evaluated were the accumulations of Fe, Se, proteins, and nitrate in the shoot. Two samples were collected after performing the second and fourth foliar spray applications. The results indicate that increasing application concentrations of Fe and Se promote greater foliar accumulations of these elements. Foliar applications of Se did not affect the accumulation of nitrate; however, a greater foliar accumulation of Se produced a greater accumulation of proteins. On the other hand, after only four foliar spray applications of Fe at a dose of 5000 mg L -1 , there was a statistically significant accumulation of nitrate, which had a positive correlation with the lower accumulation of proteins.
Introduction
The extent of micronutrient deficiency in human food has exhibited an increasing trend, which has garnered the attention of decision makers of food and nutritional security policy (FAO, 2011) .
In terms of human health complications caused by a lack of micronutrients in the diet, iron (Fe) deficiency is the most expansive problem in the world, affecting over two billion people, equivalent to almost one-third of the current total population of the planet. The most obvious impact of this deficiency is iron anemia, which contributes significantly to the death of mothers and infants in vulnerable populations with limited resources, while the "hidden" effects extend to different aspects of the growth and development of the individual (Thompson, 2007) . Iron, selenium, nitrate, and proteins in chard Selenium is also an essential micronutrient for human health (Wu et al., 2015) . A diet low in selenium (Se) is associated with health disorders such as oxidative stress, low fertility, and increased incidences of cancers. In addition, selenium is necessary for the proper functioning of the immune system because it imparts protection against viral infections and is a component of selenoproteins, which are crucial components of antioxidant defense mechanisms (Broadley et al., 2006) . Indeed, Cartes et al. (2011) showed that selenite-pelleted ryegrass seeds (60 g Se ha -1 ) seem are a promissory tool to increase both the Se content and the antioxidant ability of plants.
The dominant forms of Fe and Se obtained through the diet affect the acceptabilities of these elements by the body.
Iron is present in food in two forms: as heme Fe (derived from fresh foods such as meat, chicken or fish) and as a non-heme Fe (present in inorganic forms of plant foods such as cereals, legumes, grains, nuts, and vegetables).
The heme form of Fe is easily absorbed by the body, and absorption rates of 25% are obtainable from the content of animal flesh under normal conditions, while 40% absorption is achievable when the body is deficient in this element. However, the absorption of non-heme Fe forms only ranges from 2-10% of the content of plant foods (Thompson, 2007) , which is why it is important to achieve the greatest accumulation of Fe possible in plant tissues that will be consumed for the human or animal diet.
Organic forms of Se are more acceptable for human consumption than inorganic forms. For example, Semethionine, which comes from plant products, is directly used in protein metabolism, replacing essential methionine or used in selenium metabolism (Ježek et al., 2012) .
However, a negative side-effect of Se is that it increases the absorption of NO 3 through methemoglobinemia the inhibition of the activity of the nitrate reductase (NR) enzyme. The toxicity of nitrate itself is relatively low; instead, its toxicity is determined by its conversion to nitrite. Nitrate can be converted into nitrite by bacterial reduction in both food (during processing and storage) and in the body itself (in the saliva and gastrointestinal tract). The nitrite in blood oxidizes iron from hemoglobin, producing, which is unable to carry oxygen and is very common in babies exposed to high concentrations of nitrate in foods. On the other hand, nitrate reacts with the amino acids of food in the stomach, producing nitrosamines and nitrosamides, which are substances that have been shown to have carcinogenic effects. This implies that when Se is supplied in organisms for human consumption, the nitrate levels in the generated foods should be measured.
To correct for micronutrient deficiencies, the FAO (2011) recommends that the best practice is the consumption of foods that contain micronutrients, which is why biofortification with these nutritional elements is a strategy that can be tested in fresh plants for consumption.
Numerous studies have demonstrated the feasibility of increasing micronutrient concentrations in various crops by applying small amounts of fertilizers containing the desired element directly to the soil or leaves (Broadley et al., 2006) . Recently, Rehman et al. (2014) reported that foliar application of boron (0.32 M) improved yield-related traits and B grain contents with simultaneous decrease in panicle sterility.
In this regard, the agronomic biofortification of the edible portions of various food crops can be an effective way to increase the concentrations of micronutrients in these foods, while the effectiveness of this process depends on the species, the form of the fertilizer, and the application method (Mao et al., 2014) .
In this context, this research focused on the foliar biofortification of Swiss chard, Beta vulgaris L. cv.
Fordhook Giant plants with iron and selenium to determine the influence of this process on the accumulation of these elements, as well as proteins and nitrate, in foliar tissues.
Biofortification with these elements was conducted both individually and in combination, evaluating the effect of foliar applications after both two and four foliar applications. Hernández -Castro et al.
Materials and Methods
The experiment was conducted under greenhouse conditions using chard plants as plant material (Beta vulgaris L. cv. Fordhook Giant Swiss Chard) that were installed in a hydroponic floating-room system. This The aerial portion (shoot) and the root were harvested and weighed using a digital scale (OHAUS, model GT410D). Subsequently, the tissue was dried in an oven (CLIMATEST, model SW-17TA) for 72 h at 60 °C. After this period, the plant material was weighed using the digital scale already cited. The values for fresh and dry biomass were recorded in grams (g). Sampling was performed after two and four foliar spray applications and 15 days after the last application.
The concentrations of Fe and Se were determined after the wet digestion of the dry material with a mixture of nitric and perchloric acid (Alcántar and Sandoval, 1999) . After digestion and filtering, the concentrations in the extracts were determined using inductively coupled plasma-optical emission spectrometry (ICP-OES, Varian 725-OES, Australia).
Proteins were extracted and quantified using Amido black for staining and bovine serum albumin as the standard for the calibration curve. The absorbance was determined using a spectrophotometer (Thermo Fisher Scientific, Genesys 10 UV, Madison, WI 53711, USA) at a wavelength of 640 nm.
The concentration of nitrate was determined from 0.1 g of dry material, which was extracted as described by Alcántar and Sandoval (1999) , and the concentration was determined with the use of a spectrophotometer as previously described.
The accumulations of Se, Fe, and nitrate were estimated from the dry biomasses and their concentrations, while the accumulation of proteins was determined from the concentration and the fresh biomass weight.
Analysis of variance (PROC ANOVA) was performed on the results and the means were compared using a Tukey test (α ≤ 0.05%), using the statistical program Statistical Analysis Software, version 9.3.
Results and Discussion

Accumulation of Se in the shoot
The accumulation of Se in the foliar tissue of chard was statistically affected by spraying Fe and Se after two foliar spray applications, whereas after four spray applications, it was only statistically affected by the Se factor and the interaction of Se with the Fe factor ( Table 1 ).
The accumulation of Se in foliar tissue after two foliar spray applications ( Figure 1A (Kopsell et al., 2007) . Increases in the concentration of sodium selenate in a nutrient solution can significantly increase the accumulation of Se in rapeseed leaves (Lefsrud et al., 2006) . Similarly, the concentration of Se in the foliar tissue of watercress plants (Nasturtium officinale R. There is evidence that the supplemental intake of Se from 0.1 to 0.2 mg day -1 helps to prevent various diseases, such as a number of types of cancer. For example, it is reported that the daily intake of 0.2 mg of Se reduces the incidence of lung and prostate cancers. Se also prevents cardiac disorders, viral infections, and thyroid deficiencies (Duffield et al., 2002) . If the approximate biomass per plant after four foliar spray applications is considered to be 300 g and the recommended intake per serving is 100 g, using the ) may cause selenosis, the main symptoms of which are hair loss, nail fragility, a high prevalence for cavities, and neurological problems (Broadley et al., 2006) .
There were no significant differences regarding the effect of the Fe x Se interaction after two foliar spray applications. However, after four spray applications 
Accumulation of Fe in the shoot
Significant principal effects of Fe and of the Se x Fe
interaction on the accumulation of Fe in the aerial portion of the chard plants were observed for both sampling dates (Table 1) .
In this study, there was marked difference in the (Kopsell et al., 2000) .
Accumulation of nitrate in the shoot
In the present study, the applications of Se did not (Hord et al., 2011) .
The amount of nitrate that accumulates in plant material is related to numerous factors, including the production system, the light intensity during the cultivation period, the activity of the nitrate reductase (NR) enzyme, and the concentrations of various cofactors of enzymes linked to processes of reduction of the nitrogen fractions (Campbell, 2001 ).
Multiple studies have stated that selenium both has a negative influence on the absorption of nitrate and causes the inhibition of the NR enzyme; however, in species such as wheat, there is evidence of an increase in NR activity when selenium is applied in the form of selenite (Nowak et al., 2004) . Under our experimental conditions, the foliar application of Se did not affect the accumulation of nitrate in chard.
Regarding the Fe foliar applications, four foliar spray applications resulted in a statistically significant effect on the accumulation of nitrate at doses of 5000 mg L -1
( Figure 5A ). In addition, there was only a significant 
Accumulation of proteins in the shoot
The accumulation of proteins in the shoot was significantly affected by the principal effects of both
Fe and Se and their interaction (Se x Fe) at both sampling dates.
As observed in Figure 6A , the accumulation of protein is evident after two spray applications of 20 and the concentration of Se was lowest in the leaves in another study (Turakainen et al., 2004) .
When selenium is supplied as selenate, it is transformed into organic Se in the plant, to be incorporated into biomolecules, following the metabolic pathway of sulfur (S) in chloroplasts, from which cysteine is the final product for the assimilation of the S for the subsequent formation of methionine and its incorporation into proteins or other organosulfur compounds (White et al., 2004) .
Similarly, the final destination for Se, following the assimilation route of S, is the formation of Se-cysteine that is later incorporated into Se-methionine and finally incorporated into proteins.
Selenium can also induce the synthesis and accumulation of cysteine that is used for the formation of non-protein organosulfur compounds, which include vitamins, cofactors, and important antioxidant biomolecules such as glutathione. Glutathione plays an important role in cell defense and protection and protects proteins against denaturation caused by stress (Noctor et al., 2002) .
After two foliar spray applications of Fe, a negative effect of this element on the accumulation of shoot proteins was observed at high doses ( Figure 7A ).
After four foliar spray applications, the greatest accumulations of shoot proteins were recorded with doses of Fe less than or equal to 2500 mg L The decrease in the enzymatic activity of NR and NiR adversely affects nitrogen metabolism because a decrease in NO 3 -reduction implies a decrease in the activity of enzymes of the GS/GOGAT cycle and therefore a decrease in the quantity of final products, such as amino acids and proteins, which also reduces plant growth (Nowak et al., 2004) .
Regarding the Fe x Se interaction after two foliar spray applications ( Figure 8A Though the main roles of essential elements have been well documented, many aspects related to whole-plant nutrition await for further investigation.
Just recently, Pinto and Ferreira (2015) reported that cation transporters/channels are key players in a wide range of physiological functions in plants, while the molecular mechanisms responsible for these processes that can be used to increase nutrient phytoavailability and nutrients accumulation in the edible tissues of plants require further studies. This is especially important for elucidating the main metabolic roles of trace elements such as Fe and Se in biofortification.
Conclusions
Increasing application concentrations of Se and Fe 
